Although there has been recognition of this for some time (Barker, 1982) , there are still consistent calls for the development of programs which allow users to choose how they wish to learn (Chadwick and Watson, 1986; Duncan, 1985) .
A plethora of cognitive styles has been identified and reported (e.g. Kogan, 1971; Joughin, 1989; Rowland and Stuessy, 1987) but often, the styles differ more in name than in nature. The vast majority of cognitive styles can be classified into either a preference for a reasonable degree of structure and guidance to be provided in the learning situation, or a preference for considerable freedom to choose the direction that learning should take. Essentially, this is preference for structured guided instruction versus unstructured discovery learning. As far as the delivery of CAL is concerned, the 'structured' end of the continuum is catered for by the traditional tutorial-type programs while the 'unstructured' end is served best by simulation/ game-type programs.
Problems in catering for cognitive styles
There are a number of practical difficulties associated with trying to cater for different cognitive styles:
The vast number of styles As already noted, many styles have been identified, researched and reported but the vast majority can be coalesced into a continuum ranging from a heavy dependence on structure and guidance, to a strong preference for minimal structure and guidance.
The measurement of styles
Many measures of cognitive style have to be individually administered -such as the rod-and-frame test for field dependence-independence (Witkin et al, 1962) -and hence are not time-and cost-effective. Most of these individual measures are complemented by group pencil-and-paper tests, the Group Embedded Figures Test for field dependence-independence, for example (Witkin et al, 1971 ) but these still require considerable time to complete and analyse.
Incorporating the measure of style into the CAL program
Research investigating the relationship between cognitive style and CAL performance has invariably measured style independently of the user's involvement with the program and has used non-computer-based procedures (e.g. James and James, 1990; Rowland and Stuessy, 1987) . This again is time-consuming, and feedback on the appropriate type of program for the user is delayed. Ideally, any measure of style should occur as an immediate prerequisite to involvement in the program. A computer-based measurement procedure would also streamline the process.
Preparing appropriate versions of the same program to cater for different styles.
Most research focuses either on how CAL users with different styles cope with a particular CAL presentation (e.g. Clements and Gullo, 1984; Post, 1985) or on learners' comparative performance in CAL versus other non-computer-based modes of presenting material (e.g. Dahl, 1985; Wesley, 1984) . There has been some research that has attempted to match style with an appropriate CAL presentation (e.g. Rowland and Stuessy; 1987) .
A possible solution
To overcome these problems, what is required is the identification of a style which is meaningful in the context of learners interacting with CAL materials, which can be measured easily and reliably and which can be incorporated in the CAL presentation. Once this is achieved, the next step is to prepare an appropriate CAL package which can accommodate the different learning styles which have been identified.
The earlier discussion highlighted a style which not only subsumes many of the disparate styles in the literature but is also appropriate to CAL presentation. The style ranges on a continuum from a preference for a reasonable degree of structure and guidance to be provided in the learning situation, to a preference for considerable freedom to choose the direction that learning should take. Such a style has been identified by Pask and his co-workers (Pask, 1973 (Pask, , 1976 Pask and Scott, 1972) . The learners at the two extremes of the continuum are referred to as 'serialists' and 'holists'. Serialists prefer to learn just the essential facts which should be well defined, sequentially ordered and related by simple links. They like to use a simple step-by-step strategy and consequently regard embellishments such as anecdote, illustration and analogy as quite distracting. Holists, on the other hand, prefer a more global approach to problem-solving. They use more complex non-linear 'globetrotting' strategies, and thrive on anecdote, illustration and analogy. By focusing on a 'global' approach, they concentrate on synthesizing broad overviews into which details may be fitted. By contrast, serialists use more of a 'local' approach, concentrating on specifics which may then lead to the emergence of an overall picture. Individuals able to function happily either way are referred to as 'versatile'. Entwistle (1978 Entwistle ( ,1981 summarizes the research associated with this serialist/holist style.
Application of the serialist/holist style to CAL
Identifying an appropriate style is only the first step. What is also required is a quick and reliable measure of that style which can be incorporated into a CAL program. The original identification procedures used by Pask (1973) are pencil-and-paper tests, and are quite lengthy and complex. Building on Pask's work, Entwistle (1981) developed a more efficient 30-item Short Inventory of Approaches to Studying. In turn, Ford (1985) has developed an 18-item questionnaire, Study Preference Questionnaire (SPQ) but unfortunately provides no information on its reliability. A copy of the questionnaire is given in the Appendix.
The requirement here is a quick and reliable measure of style. Ford found that using a small English sample of 25 postgraduate students, one of the items (Question 16) in the SPQ significantly predicted serialist or holist tendencies at p<0.01 level. The item is: When I'm reading a book (or other information source) for my studies, I prefer to work * through it fairly logically from beginning to end. If a similar finding, derived from a reliable questionnaire can be produced using a sample for whom CAL programs are to be produced -Australian in this case -it would provide a simple method of indicating the CAL user's cognitive style, and it could be very simply incorporated into any CAL program.
An Australian replication of the Ford study
The ultimate aim of the project in which I am currently engaged (Clarke, in process) is to produce CAL materials for teacher-education students in educational psychology. Hence, any replication of Ford's work needs to involve such students. The SPQ was administered to 56 students involved in a one-year postgraduate pre-service teacher-education course at a large teacher-education institution in Brisbane. All students had completed an undergraduate qualification at a different tertiary institution.
The responses were analysed with the aims of producing a reliable questionnaire and of determining if responses to any individual question were significantly correlated with responses to the full questionnaire. The data was analysed using modules of the statistical package SYSTAT (Wilkinson, 1988) and the results are reported below.
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Results
The reliability of the 18-item questionnaire was estimated by using the coefficient alpha procedure (Cronbach, 1951) . Then, the correlation of each item with the alpha value, and simultaneously the effect on alpha of removing individual items from the calculations, were measured. If the value of alpha increases with the removal of an item, it is possible to conclude that the item is not measuring the same characteristics as the total test and in fact is interfering with obtaining a 'pure' measure of those characteristics. This process of removing items therefore increases the reliability of the test. It is continued until alpha is not increased by any further removal of items. Five items were removed using this procedure. The results are summarized in Table 1 .
The outcome of this analysis is the identification of a 13-item test which is much more reliable than the original 18-item measure. The alpha value increased from 0.594 to 0.670 which is significant at the 0.01 level.
. The ultimate aim here is to identify an individual item that can be used instead of the total (now reduced) questionnaire. The correlations between each of the remaining 13 items and the coefficient alpha are shown in Table 2 .
Question 7 has the highest correlation and hence could possibly be used to identify those students with serialist or holist tendencies. The item is as follows:
7. When I'm reading a book (or other information source) for my studies, I prefer to spend quite a long time skimming over .. and dipping into it to get a clear picture of what it's about and how it will be relevant. prefer to get quite soon into a fairly detailed reading of it once I know that it's going to be useful, in the knowledge that its precise relevance and contribution will become clear from a detailed reading
It is outside of the scope of this paper to speculate why Question 16 did not emerge as the most important item as in the Ford study. 3 There are, however, a number of ways in which this data could be used to help cater for the different cognitive styles of CAL users (Clarke, 1990) . One method is to incorporate Question 7 into the CAL program.
Incorporation of Question 7 into a CAL program
Since only one question is involved, it is a simple procedure to place it at the beginning of a CAL package and use the response to direct users to the appropriate tutorial-type or Those who choose 1 or 2 will be allocated to Version B; those who choose 4 or 5 will be allocated to Version A; those who choose 3 will be told that it doesn't really matter which version they use, and will be given the option of choosing version A or or version B.
Welcome to the School of Learning and Development's Computer Based Learning Series of Programs PROGRAM 1 -How Students Learn

The next steps
There are at least two things that now need to be done. First, the preparation of a suite of CAL programs where each program is available in two versions -tutorial and simulation; and secondly a measure of the predictive validity of Question 7. Work is proceeding on the former (Clarke, in process) . Two versions of a program designed to introduce pre-service teacher education students to 'How Children Learn' are being developed. Once these are available, work can proceed on the latter.
The second issue, that of predictive validity, can be addressed in several ways. One approach would be to gather data from users on the appropriateness or otherwise of the allocation made as a result of their response to Question 7 and their satisfaction with the type of learning experience they subsequently have. Another approach would be to investigate the relative reliability of an allocation based on one question, compared to an allocation based on a small group of questions or an allocation based on simple user choice premised on information about the two versions.
Notes
1. An earlier version of this paper was presented at the Seventh Annual Conference of the Australian Society for Computers in Learning in Tertiary Education, Bond University, Gold Coast, Queensland, Australia, 10-13 December, 1989.
2. The assistance of Dr D. Chant, Statistical Adviser to the Social Sciences, University of Queensland, in this analysis is gratefully acknowledged.
3. One likely explanation is the potentially interfering effects of those items removed in the reliability analysis reported here. Other explanations could relate to differences in the size and characteristics of the samples.
1. When I'm reading a book (or other information source) for my studies, I generally tend to concentrate on certain parts, and skip over others quite markedly, going back later if necessary to fill in any 'gaps' or 'missing links'.
When I'm reading a book (or other information source) for my studies, I tend to follow the author's presentation reasonably closely, rather than skipping about a lot.
2. When I'm studying for an essay, I try to gather as much 1 information as possible at the start.
I prefer to have more of a 5 'steady flow' throughout my preparation for the essay.
3. When I'm studying I generally prefer to deal reasonably thoroughly with one book (or other information source) before moving on to another.
I generally prefer to have a number of books (or other information sources) 'on the go' at the same time.
4. When I'm studying a new subject, I tend to want to keep the whole picture of the subject in my mind all the time and find it hard "to concentrate on very detailed aspects unless I can constantly relate them clearly to the broad overall picture.
Once I've analysed the subject into its component parts, I like to focus on each of these parts in detail, systematically building up the overall picture bit by bit.
5. When I'm in the library, generally speaking I tend to be looking for specific books, etc. rather than browsing.
I tend to spend quite a lot of time browsing in the library. 6. For students who learn in the way I do, the best form of training in library use would be to follow a well structured course, building up from the basics and going on to more complex skills that will be essential for them to know.
For students who learn in the way I do, the best form of training in library use would be to learn skills (whether simple or complex) as they encounter the need for them during their studies (a sort of 'on demand' teaching).
7. When I'm reading a book (or other information source) for my studies, I prefer to spend quite a long time skimming over and dipping into it to get a clear picture of what it's about and how it will be relevant.
When I'm reading a book (or other information source) for my studies, I prefer to get quite soon into a fairly detailed reading of it once I know that it's going to be useful, in the knowledge that its precise relevance and contribution will become clear from a detailed reading.
8. Generally I prefer to concentrate on one (or a very few) aspect(s) of a subject at a time when I'm learning about it.
Generally I prefer to be learning about a number of different aspects of a subject at the same time.
9. Once I've done a basic analysis of what the subject involves, I'm happy to put to the back of my mind temporarily the broad overall picture while I do some work on more detailed aspects.
I tend to want to keep the overall picture uppermost in my mind the whole time, and only work on more detailed aspects if I can see precisely how they will fit into this picture.
10. Summaries of a wide range of books (and other information sources) would not really be much use to me when I'm doing an essay -I really need the full texts more or less straight away.
Summaries would be very useful in the initial stages of my work on an essay. 11. I like to approach a new subject in a broad wayoften looking at widely spaced aspects of the subject and seeing how they may all fit together, before going back to 'fill in' any strictly logical steps that I have skipped.
I like the logical links between different aspects of a new subject to be very close, so that when I'm learning about a second aspect I can see very clearly how it relates to the first aspect that I have already learned about, and so on.
12. When I'm doing an essay, I think that I tend to use rather fewer information sources than most students on the course.
I think that I tend to use 5 rather more information sources than most people on the course.
13. I find it too restrictive to wait until I have thoroughly 'mastered' one aspect of a new subject I am learning about before going on to study other aspects.
14. Where a book chapter or journal article includes a separate summary of what it is about, I generally prefer to get straight into the main text since it contains all that is in the summary anyway.
15. When I'm studying for an essay, I like to start by 'soaking in' a wide range of information in order to get the 'feel' of the subject I like to deal fairly thoroughly with the particular aspect I'm working on before going on to study others.
Generally I prefer to read the summary before reading the full text -even though it will all be found in greater detail in the main text.
I prefer to analyse the topic fairly early on, and search for information which is more clearly focused on particular aspects of the topic.
16. When I'm reading a book (or other information source) for my studies, I prefer to work through it fairly logically from beginning to end.
When I'm reading a a book (or other information source) for my studies, I prefer to skip about and 'dip in' quite a lot. 17. Where a book or journal has a separate summary of conclusions I prefer to get straight into the main text, where each conclusion is presented along with the evidence on which it is based.
I prefer to spend quite a bit of time reading the summary of conclusions before going on to a detailed reading of the main text.
18. When I'm learning about a new subject, I like to keep coming back to particular aspects on different occasions, to get further details as I require them.
I prefer to deal with particular aspects of a new subject as thoroughly as I can at one time, so that I need not keep returning to them on different occasions to get further details. 
